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,1 
 It is.the-object, of my ,invention to obtain 
: more quickly and -simply .:crystalline :-salts of 
penicillin.- with a base .of the class, consisting, of 
sodium and potassium;, and more particularly 
those.penicillin salts in..which, the.penicillin i 
at least predominantlypenicillin G, more recent- 
:ly called  benzyl penicillin. It .is,- a. special ob- 
 JeCt of tuFinvention.te obtin.these crystalline 
salts of. penicillindirectlF:fr0m the flrst organic- 
solvent extract, desirably an amyl or butyl, ace- 
tate extract, derived..from the .broth-in which 
the:penicillin has been grown. 
" Crystalline salts of:penicillin-with, sodium and 
ipotassium arc known. They have.-been obtined 
through long,, troublesome, and expensive ,puri- 
fication processes in which :-substantial. quanti- 
.ries of the penicillin, w.ere lost. 
.I have now discoveredïhow to obtain these 
penicillin  .salts -more  expeditiousiy, effectively, 
. and inexpensively ,than has ï heret0fore -been 
.. possible, and with.less loss;..and hoxv-the greater 
.)par of the process-heretofore commonly deemed 
necessary may be eliminated. 
tn carrying: outmy invention,  I. start, with an 
 .organic-solvent solution of. the free aCdpenicil- 
lin. :This organic-solvent; .solut!on-my be a 
-.solution produced.bF direct-extraction with the 
organic sotvent of the.filtered, broth obtained 
(as by filtration) OErom. the. broth in which the 
penicillin has-been grmvn in. submerged culture, 
under .conditions ,,which give predominantly 
penicfllin , desirably .to a concentration-of af 
least 150 international (Oxford) units.0«peni- 
cillin per ce.; or..alater, solution-derived-from 
.that  flrst .solution,. as,by extractng-that:/flrst 
ïsolution«.witha s_mall..amount .of water .of be- 
 tweenïpH" 6.0, and pli, 8,0.ad:reextrac.ting -that 
:,water-extract-with-a-s.mall.amount of an 0rganic 
. sotvent,., which, may  or maY :mot be thon»saine 
-«organic solvent used for ,the-first::extraction. 
:ilhe organic, solvent :ma:¢ be;.anF organic solvent 
 v¢hich is,.relatively insoluble, in- and- forms two 
.:,phases . with. ater;. and: -inwhieh- the free acid 
.:penicitlin:isïmore soluble.:than in water, and in 
which..thedesired:penicfllinsaltis - formed as 
.relativelyinsoluble..cystals. )This organic sol- 
«vent is.preferably: ana.lkyl acetateinwhich the 
 alkl.«-group has nottess than three.and no 
«more.than  six " carbon, atoms,  most desirably 
amyl,:acetate  or butyl, acetate, or methylamyl 
acetate. In obtaining the organic-solvent solu- 
tion, the. extraction with"the organicsolvent is 
«desirably, done at , a low-pli.Value, 0f.the order of 
' .:,pli' 2.0oto 3.0. 
:': I«mix;.his organic-solventsol:utiontf the f-ree 
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acid penici!lin with. an alkalirmetal compond 
of the c!ass consisting of the potassium. eom- 
pounds potassium hydroxide, potassium car- 
bonate, dibasic potassium phosphate,, tribasic 
5 .potassium phosphate, potassium nitrite,,ipotas- 
sium molybdate, potassium sulfide, potassium 
silicate, potassium acetate, potassium .benzote, 
. potassium formate, and potassium-salicylate, 
and the sodium compounds sodium hYdroxide, 
10 dibasic sodium phosphate, tribasic sodium ophos- 
.phare, sodium nitrite, and sodiumacetate;..,w!th 
the whole as free from water as posib!e, 
especially .for the sodium compounds, .and in 
any case substantially free-fr0m any waer, not 
15 wholly dissolved by the organic solvent. 
Whichever of these substances is used, It 
must be added in such form that the,total 
amount-of water present after the. addition.does 
 not interfere with the substantial insolubility, of 
20 the penicillin salt desired; .which condition.varies 
with the substance nsed..Thus: potassium hy- 
droxide may be added in alcohol solution inany 
-alkanol having from 1 to 6 carbon.atomS, pref,er- 
ably isoamyl alcohol; sodium hydroxide may ,be 
25 added-in alcohol solution in either methanol or 
ethanol; sodium acetate may. be added, in 
m'ethanol; potassium hydroAde or potassium 
carbonate or potassium acetate or sodium..ace- 
tate-ma,y be added in' putverized dy. form; 
0 potassium hydroxide, dibasic potassium-phos- 
:phare, tribasic potassium .phosphate, potass_ium 
nitrite, potassium molybdate, potassium sulf!de, 
potassium silicate,-potassium acetate, potassium 
benzoate, potassium formate, potassium salicyl- 
ate and dibasic sodium phosphate, ..tribasic 
35 
sodium phosphate, sodium nitrate, and sodium 
acetate may be added in concentrated water 
solution, provided there is not already so much 
water in the organic-solvent solution, that .the 
40 added water causes the production of .two 
phases; or any of them may.be dissolved-in a 
 minimum amount of water» and this water solu- 
tion thon dissolved in a minimum amount-of 
butyl or isoamyl alcohol and the so-formed: alco- 
45 hol solution added. The amount of .this: added 
alkali-metal compound should be at east s.uf- 
ficient (if good yields are desired) to, p:o.duce 
a pli between pli 5.0 and pli 8.0 in a water.:s_olu- 
tion of the crystals produced, for that will.-pro- 
50 vide enough metallic ions for combination with 
all the free acid penicillin to form the: desired 
penicillin salt;, but care must be taken .when 
the substances are inherently alkaline :.to, avoid 
.adding.too much of them to raise that pli above 
.55. pli 8.0, and desirably-to avoid raising the .pli 
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higher than about pli 6.6. A pli range of about 
ptt 6.4 to pli 6.6 gives best results. 
Desirab]Y, the mixing of the atkali-metal com- 
pound with the organic-solvent solution is done 
after a pre-treatment of that organic-solvent 
solution with activated decolorizing carbon; 
which removes undesirab]e impurities, ,more par- 
ticularly coloring marrer, which otherwise might 
carry through into the crystals. On mixing of 
the organic-solvent solution with the alkali- 
metal compound, a reaction occurs to produce in 
the single-phase solution the penicillin salt of the 
alkali metal nsed (potassium or sodium); and 
this penicfllin salt separates out because of its 
insolubility in the organic solvent and because 
of the absence of sufficient water to interfere 
with that separation. By proper control of the 
temperature, this penicillin salt separates out as 
crystals; which may be directly recovered by 
simple filtration. I find if desirable to use a tem- 
perature between 25 ° C. and 45 ° C., preferably 
about 30 ° C.; for if a lower temperature is used 
(such as 8 ° to 15 ° C.) there is a greater or less 
amount of oiliness on the surface of the crystals, 
and that is avoided by using a temperature in the 
range noted, while if a temperature much above 
45 ° C. is used fewer or no crystals are obtained. 
If oiliness does appear on the crystal surfaces, 
dry crystals may still readfly be obtained by 
washing the oily crystals with n-butyl or n-amyl 
alcohol; indeed, it is desirable so to wash the 
.crystals in any case. 
In practicing my invention, the alkyl-acetate 
solution with which I start may be prepared as 
follows: 
1. The penicillin is grown in a tank from a 
suitable submerged culture of Penicillum no- 
rature or Penicillium chrysogenum, fo produce 
a high concentration of penicillin, desirably as 
high as possible but in any case one having at 
least 150 international (Oxford) units per cc. 
The product so obtained is called the "broth." 
The growing of the mold is done, in known way, 
in the presence of suitable compounds which 
cause the penicillin content produced in the broth 
to be at least predominantly benzyl penicillin 
(penicfllin G). 
2. This broth, after a suitable incubation peri- 
od, is filtered to remove insoluble marrer, includ- 
ing the ,mold itself; leaving the penicillin in the 
filtrate, commonly in the form of a salt. This 
filtrate is commonly called the "filtered broth," 
and bas a high content of benzyl penicfllin if 
those benzyl-penicfllin promoting compounds 
were present during the growth of the mold. 
3. The pli of the filtered solution is adjusted 
well to the acid side,.as in the range of pli 2-3. 
This adjustment of pli is desirably ruade at this 
point, although it is possible to make it later, 
after or in conjunction with Step 4. 
4. The flltered broth, desirably already acidu- 
lated, is shaken with a relatively small volume of 
the proper organic solventdesirably amyl or 
butyl acetate. The small volume is about 10% 
to 30% of that of the filtered broth. The myl 
or butyl acetate takes up most of the penicfllin, 
usually over 90% of it, in the form of the free 
acid penicil]in. 
5. The acetate layer and the water layer are 
then suitably separated, as by merestanding or 
in a centrifuge. The water layer may be dis- 
carded, with or without further treatment with 
acetate for higher recovery. 
6. At this point the acetate layer may be and 
desirably is suitably treated with a small quantity 
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(conveniently about /2% to 2%) of activated 
decolorizing carbon, such as the carbons known 
as "Norit S. G." and "Nuchar C19ON," as by 
being simply mixed with it or by being filtered 
5 through it. The activated decolorizing carbon 
has the surprising effect of adsorbing impurities, 
particularly coloring marrer, whfle not material- 
ly adsorbing the penicfllin. 
This separated acetate layer, or solution, is the 
10 preferred and usually most advantageous peni- 
c filin solution from which I start my process; but 
if desired there may be the further preparatory 
Steps 7, 8, and 9, as follows: 
7. The àcetate layer, with or without the pari- 
15 fication of Step 6, is extracted with an aqueons 
alkaline solution (of the hydroxide or carbonate 
or bicarbonate) of the desired sodium or potas- 
sium base. The aqueous alkaline solution is de- 
sirably of mach smaller volume than the acetate 
20 solution, conveniently of the order of 1% to 10% 
thereof by volume; and may be a fairly dilate 
solution, as it is necessary on]y that there be 
enough of the base to combine with the penicfllin 
present (and with any other co-present acids) 
25 and to give a pli in the resultant Water layer of 
between pli 6 and pli 8. On .this mixing, the 
aqueous alkaline solution takes up the greater 
part of the penicfl]in, usuallY over 90% of it, in 
tle form of the salt of the alkalinizing base, 
30 which salt is formed at this stage. 
8. The water layer and the acetate layer of 
Step 7 are suitably separated, as by standing or 
by centrifuging; and the acetate layer is dis- 
carded for recovery of the acetate if desired. 
35 The separated water layer, containing the peni- 
cillin sali, is retained. 
9. This separated water laYer is now re-ex- 
tracted with a small amounta hall volume to 
an equal volumef an organic solvent of the 
50 class defined above, preferably amyl acetate or 
butyl acetate or methyl-amyl acetate, af a low 
pli value, desirably between pli 2.0 and pli 3.0. 
The acetate at that pli takes up most of the 
penicillin, as free acid penicillin. This acetate 
45 layer is suitably separated from the water layer, 
and the latter may be discarded. The activated- 
carbon treatment of Step 6 may be repeated (if 
desired) on the separated acetate layer. 
Either the separated acetate layer (or.solu- 
50 tion) of Step 9 or the first separated acetate 
layer (or solution) of Steps 5 or 6 may.be the 
organic-solvent solution from which I str my 
process. 
The following are examples of my process: 
5.5 Exampe 1.--A flltered broth containing about 
35i units of penicillin per cc. was produced in a 
manner already outlined fo make it rich in peni- 
cillin G. This filtered broth, after having been 
adjusted to about pli 2.3, is treated in a con- 
o tinuons extractor with amyl acetate, desirablF 
with both the broth and the amyl acetate ai about 
10 ° C. although temperatures even as high as 
room temperature or slightly higher may be used, 
and with the amyl acetate approximating one- 
(;5 fifth to one-fourth the volume of the broth. 
To 10 liters of the amyl-acetate solution, after 
separation from the broth, is added 100 g. of actl- 
vated decolorizingrcarbon; and the whole is 
stirred for about 15 minutes, and then flltered to 
7O remove the carbon and the impurities adsorbed 
therein: 
To the now-clarified amyl-acetate solution (10 
liters) I now slowly add, with stirring, 49 cc. 
(about 00 the volume of the amyl acetate solu- 
75 tion) of isoamyl alcohol having approximatelF 2 



g. of potassium hydroxide dissolved in if; and 
: r¢oritinue .ttie stiring for about ari. tiour 'ai about 
room temperature. CloudïneSs ppers prac- 
tically immediately npon the addition of the al- 
coholic solution" of potassiumhydroxide, and this  5 
cloudiness increases as the stirring continues; 
and When.the stirringis stopped at about the end 
6f-an tibur crystals are round t0have f0rmëd; and 
ill.'separate out, with clearing up of the's01iiti0n. 
-his 'clering-up. of. the solution is a' ready test 
for the completion of the crystallization. The 
crystals thus-,ïOrmed--are crystals of potassium 
."penicillin; and they may be recovered by filtering, 
washing with butyl or isoamyl alcohol, and dry- 
ing. 
With:,the quantifies Used, the yield-is about 5.46 
g. ofthe crystats, which are-gray-green in color. 
The assay of the crystals shown 1595 units of 
penicillin per mg., and the content of benzyl 
penicillin (penicillin G) is 91.3%. When the 
crystals are dissolved in water, the ptt of the solu- 
tion is 6.4. In percentage, the recovery in terms 
of enicillin units in the original broth was 62 %. 
he gray-green crystals thus obtained may be 
recrystallized ïrom acetone; which gives pure 
white crystals. 
Example 2.--Example 1 may be repeated, using 
other alcohols, such for instance as secondary- 
butyl alcohol, tertiary butyl alcohol, cyclohexyl 
alcohol, methyl alcohol, ethyl alcohol, n-propyl 
alcohol, îsopropyl alcohol, isobutyl alcohol, n- 
amyl-alcohol, and n-hexyl alcohol. Using these 
alcohols with a broth assaying about 540 units of 
penicillin per ce. instead of the 350 units per ce. 
of Example 1, yields obtained range ïrom 61% for 
cyclohexyl alcohol to 71% for ethyl alcohol, le- 
peating Example 1 with a broth containing about 
540 units of penicillin per ce. and using isoamyl 
alcohol gave a yield of 72%. In every case, the 
potency of the final crystals was close to the theo- 
retical value for potassium penicillin G--approx- 
imately 1595 units per mg. 
Examçlv 3.--Example 1 is repeated, save that 
instead of using a broth of about 350 units per ce. 
a broth of about 410 units per ce. was used, and 
instead of using an isoamyl-alcohol solution of 
potassium hydroxide a substantially saturated 
water solution of potassium acetate is used con- 
taining 6.2 g. of potassium acetate in approxi- 
mately 7 ce. of total liquid. The yield is approxi- 
mately 60% of potassium penicillin crystals in 
terms of the penicillin units in the broth. These 
potassium penicillin crystals initially obtained 
were of a lightly lighter green then those of Ex- 
ample 1; and assayed 1546 units of penicillin per 
mg., of which approximately 87% was benzyl 
penicillin. 
Example 4.--Example 1 is repeated, save that 
instead of a broth containing about 350 units of 
penicillin per ce. a broth containing a.bout 500 
units of penicillin per ce. is used, and instead of 
adding potassium hydroxide in isoamyl alcohol 
solution of 1.2 g. of sodium hydroxide in 243 ce. 
of methyl alcohol is added. This gives crystals 
of sodium penicfllin, with an overall yield of 
proximately 15 % ; and the crystals assay approxi: 
mately 1200 units of penicillin per mg. The 
crystals of sodium penicillin are a light yellow 
color; but white crystals may be obtained by re- 
crystallization ïrom acetone. 
Examçle 5.--Eample 1 is repeated, save that 
a broth containing about 500 units of penicillin 
per ce. is used, and instead of adding potassium 
hydroxide in isoamyl alcohol there is added 3.2 g. 
of powdered potassium acetate. Potassium peni- 

" cillin  crystals Of =. a "light- yeI10wgreen c010r-::are 
-'-olJtained. The yield--ïs 'about 15%, 4r/:Verwïs.'of 
- :the peniciilin unitg :in :the initiaLbr6th ;: nd the 
brystals assay 164 Units of penïcilIin:permg. 
:Examçte 6.Exmple 1. is repeáted: ith:dif- 
ïerent- operating temperatures, starting: from- an 
initial-broth containing about 290 units..per:cc. 
 With an operating-temperature 0ï:8°:/C./a yield 
 0P6.5% is obtained;, at -25 ° C.,  a yiell-of -49%is 
]0- obtained; and a.35«C., a yieldoï 42% is 0btainéd. 
The crystals obtained With an operatin.'tempera- 
" turc of 8 ° C. Were oily .in. apperance; ..but',.the 
Crystals obtained at: än-operating:tempëratu re: bï 
35 ° C: were substantially free from' any-ofly 
15"pearance;-and th0se .obtained-at:an operting 
temperature of 25 ° C:were:largè!Y freë ïrom:any 
 oily appeararice. 
 Eamçle 7-Example 1 is repeated, Sa-ve:that 
 %heinitial broth had a penicillin Content0ï:abut 
 20 510 unitsper cc.,:the extraction-òf:th : br6th..was 
, with- /4 .volume' oî n-butyl acetate;  rid the added 
alka]i-metal-compound was 6.6 g Of ptassiUa 
hydroxide in 133 cc. of n-butyl alcohol." 'Crysgls 
oï potassium penicillin of a light yellow color 
25 were obtained, with a yield oï 39% in terms oï 
the penicillin units in the initial broth. The 
crystals assayed 152 units oï penicillin per mg. 
Example 8.-Instead of using the preferred 
alkali-metal compounds of the foregoing ex- 
30 amples, of which compounds the potassium com- 
pounds are preferred over the sodium compounds, 
others of the alkali-metal compounds named 
above may be used; but I deem them less preïer- 
able. 
35 I claire as my invention: 
1. The process of obtaining an alkali-metal 
sait of penicillin in substantially pure crystalline 
state directl: from a solution of acid penicillin in 
a h:drophobic organic penicillin-extraction sol'- 
40 vent of the class consisting of 3- to 6-carbon- 
a]_k:q-group alkyl-actates, in which solution the 
penicillin is predominantly benzyl penicillin and 
is present in a concentration hOt less than about 
1600 units per ml., which comprises reacting the 
,5 acid penicillin in said solut2on with an alkali- 
metal compound of the class consisting of potas- 
sium acetate, potassium hydroxide, sodium ace- 
tare, and sodium hydroxide fo convert the acid 
penicillin to the alkali-metal salt of penicillin, 
50 with a small amount of water present during the 
reaction and with the total quantity of water 
present and ïormed in the reaction mixture 
wholly dissolved in the alkyl-acetate phase upon 
completion of said reaction so that there is no 
55 separate aqueous phase, and reating the tem- 
perature of the reaction mixture to between 25 ° 
C. and 45 ° C., thereby precipitating the alkali 
metal sait of penicillin directly ïrom the said 
penicillin-extraction solvent in substantially 
60 pure, substantially non-oily crystalline state, the 
alkali-metal compound being used in an amount 
to produce a pli between ptt 5 and ptt 8 in a 
water solution oï the precipitate. 
2. The process defined in c!aim 1 in which the 
5 alkali-metal compound used is potassium acetate. 
3. The process defined in claim 1 in whieh the 
alkali-metal compound used is potassium hy- 
droxide. 
4. The process defined in claire 1 in which the 
70 alkali-metal compound used is sodium acetate. 
5. The process defined in claire 1 in which the 
alka]i-metal compound used is sodium hydroxide. 
6. The process of obtaining an alkali-metal salt 
of penicillin in substantially pure crystalline state 
75 directly from a solution oï acid penicillin in amyl 
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acetate, in which solution the penicillin i pre- 
domtnantly benzyl penicillin and is present in 
a concentration not less than about 1600. units 
per ml., which comprises reacting the acid peni- 
cil]in in said solution with an alka]i-metal com- 
pound of the class consisting of potassium ace- 
rate, lotassium hydroxide, sodium acetate, and 
sodium hydroxide fo convert the acid lenicillin 
to the alka]i-metal salt of lenicil]in, with a small 
amount of water lresent during the reactIon and 
with the total quantity of water lresen and 
formed in the reaction mixture wholly dissolved 
in the amyl acetate lhase UlOn completion of 
said reaction so that there is no selarate aqueous 
phase, and regulating the temlerature of the re- 
action mixture to between 25 ° C. and 45 ° C., 
thereby precilitating the alkali-metal salt of 
lenicil]in directly from the amyl-acetate olvent 
in. substantially lure, substantially non-oily 
crystal]ine state, the alka]i metal comlound be- 
ing used in an amount fo lrOduce a pli between 
IH 5 and IH 8 in a water solution of the pre- 
cipitate. 
JOHN A. LEIGHTY. 

Number 
2,459,315 
2»463,943 
2,496,848 
10 2,520,098 

8 
REFERENCES CITED 
The following references are of record in the 
file of this patent: 
UNITED STATES PATENTS 
Naine Date 
Goldberg et al ....... Jan. 18, 1949 
Behrens ............ Mar. 8, 1949 
Bernhart ............ Feb. , 1950 
Hodge ............. Aug. 22, 195(] 

OTHER REFERENCES 

Penn. State Report (44--27), pp. 1-5, Apr. 26, 
15 1944. 
Heyden Relort H--I, II. 1-3, May 9, 1944. 
Squibb Relorts SXVIII, May 8, 1944, p. 1. 
Plïzer Report, lscellaneous, pp. 24 and 25 P2 
1/2/44. 



